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BSTRAC 

Inve s tigat ion of early d ete r i o r at i o f ho t x asph a ltic o n c r e t 

showe d that poor qu a lity ag gr ga t e wa s the ma in caus. Th e ma jo r ity 

of the aggregates used we re of infe r i r qu al i t y a nd we r e n o t dC:' ec t e d 

by tlie \.Jet Ball l'-1i ll test or the Los Angeles Abrasi on test. 

A modi [iecl Soundness of Aggregatl.' test (Tex-411-A) \v ";;t S found Lo confirm 

the high absorbency ::md lov dur a bility of the 3ggregdt E' S \vhicl contri.bu­

ted to road surface failure. 

Since u s ing th e modified test to i.dl'ntify dnd L.' li mi n ,1 tc the usc o f 

inferior cl ggr egatC's , n one of thf' eigh t project s checked since 197 1 shm.,rs 

indication of d e teri - ration ur surf8 ce ra "k i n~; . 

i 



SUMMARY 

Hot mix asphaltic concre te n 1-10 i n Pec sand Ree e s ou nties fa il ed 

by cracking and surface disintegrat ion so n af ter a pp l icationo I n­

vestigation showed that p or quality a ggrega te w s t he main caus e () f 

failure. Fifteen additional Hot Nix Asphalt.i c concret e Projects through ­

out District 6 were investigated. The major i ty of the aggregat es were of 

inferior quality and were not detect ed by th e two Le s t s outlined in this 

report .. 

The Lo s Angeles tes t (Tex -LflO-A) and the We t Bal l Mi l l test (Tex -116 -E) 

fa iled to pi npoint poor qua lity materiala Th e fo ur th cyc le of 2t mod i f ied 

Soundness of Ag gregat s t es t conf irm d th e high a bs orbency and 0 durab i­

lity l)f a gg r ega t e s which aus e d t he road surf .:l ce d is "n t gr at i on. 

A modifie d Tes t Me thod Tex -44l -A (ASTH C 88) S undn ess f Aggr ga t e by 

Us e of Mag ne sium Su l f a t e \vhi ch i ncl ded '1 :25 P 'r en 

unsound m t e rial af t e r f our cy l e s , has bc~n used to d 

qua lity since 197 1 0 

imum v lu e o [ 

rmi n D.ggr~gate 

After inaug ura t "on of th is t est t o el iminate poo r qu l"ty aggr g~ t c n t ne 

of t he eight r a d pr j .c t s usi ng Type "ell r li D" lIMAC has s hown any indicat i on 

o f failur e . 

Since r e quiring Lhe modif i e d s pec if i ati on it has been obs erved that 1-1/2 

to 2 percent l e s s as pha lt wa s ne ed d i n mixes be ca us e f a decrease i n t he 

use of abs orpt i v aggr e a t es 6 
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1. SUBJECT 

Det eriorated hut mix asp ha l t ic conc re te 1n 1-10 I.-I S in vest iga t d .:.l.nd 

cracking and di cint egrat i on of t he r oa d s ur ac e was foun d to ha ve 

occurred before th e end o f t h e f irst wint er of ap pl"ca ti n o 

Experience on the sixt e en pro j ect s through ut Dis tr i. t 6 wa s r evi ewed 

and early det er i ora ti on a nd crack ing had been n t ed ex cept when grave l 

or durabl e sound aggr eg te wa s used. Th is ob s e r va t i on l e d t o the s tudy 

of aggregate quality u t line d in this repor t o 

~lring the des i gn proc edur e of s me ho t mix a s pha ltic con r e te, s ome 

aggregates showed a ve ry high a bs or pti n ra t e ~n1ese aggr egat e s required 

near maximum asphal t contents T..]hich had t o be re duced during project co n-

struction to me e t density r equ irements aus ed by degradation of t he aggre­

gat - during molding . On pro jects wh r e t he h igh ly a bs r pt i ve less dur a bl 

ggrega tes wer used _I de ter i ur ti on and c r a ck'"ng r the sur f c e t)c c ll r r e d 

,.;ri thi.n periods r angi ng [rom I e s til· n 3 ye a r t (l th irt y mont hs a ft r p lace­

ment. On pro ject s us i ng a ggr ega t e s with 1mve r - bsorp t i on r a t s , the pave ­

nent surface shm..]e d l ess det e r i ra ti on and better s erv "cahi l ity . 

II. PURP JE 

Th pur po e of t his inve s t ig ti )[1 I, S to det .mine the c a use o f fa L1Ll r e 

(1f HMAC on va r ious pro j e c ts th ro 19 h LI t the District and t o find a s l l uti n 

to t he probl em. 

I I I. CONCLUSIONS 

It was f 0 un d tha t the us e 0 f 1 mv q t ll l it y a g g reg ate res u 1 ted inc rae kin 9 

and surface clisintegratiun 0 - th e roadway " The Los Angeles test and the Wet 
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o tl c: . ggr ga t e . The Idu r t l l cyc l e I d mouiLLt.;d T st Mctt.ucl : . Ll l- . ., 

( ·' uu n d n , s ~ 

b )th th 1 ngtl time - nd t ,e magni t u c __ . .-,J '-._. 

[or a h pi t. Expe- i c:n L the use til . s L est s ir: ~ e 1 97 I :_.rl:Lo ,- .... 

nL) s i mi l a r c i.lllr s unhc. ·i.g ht prujec t s :":!H..:ckctl ' nu '1 gcncr L4_ v' ;.~ 

rcm 1-1/2 to 2 rc t i n as llal t use l)l t .. est,! r uJ ets . 

I V. }1A ERIALS 

<'re amples .Jere taken i r om tfMAC road surl' L..! l l-lU. 

nd " D" ag regates r m s ixt(~en ILl 'a l pits \,' 're tct>t.ed .'el.! App~ . __ I~ 

VI 
V. TE T 1ETHODS 

The t es t s ' sed in l.Jbor tory ev' l'jatiLHl t)! :iCc - eoat~., '"Jere : 

bras 'on [ .oa rs > Agg r ega tes by Use \)1 Lr,~ Lns Angel s be!_1 

(T st Heth )d Te. -410-1\ ) . 

Ba l l Mil l Heth d £0 r Determina t ion r til, lJisinte6ra io~ 
,-

Fl e x i ble Base Ma ter ia l (Te st He th c1 Tl!x-l . -E). 

('gregc.. t e by L:~ , 

lethuc T x -411-A) 

I V . PRO ... DURE 

~ _ _ I ..... _f. f ' 

~E ter inj ~ ct ion 0 [ red l ' qui. dye into surL~ce era kt>. 

isua l i ns pe :ti l)n determined the condit1.1n l l aggregate .ept. ,. 1 : I . 
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As phalt \.,1 .:1 c.. :tracteJ Lr)D1 th e hut mi x 'l nd ~l s crl'Cn JnL11y:-; i ~ InCJ.u ....: (J[ 

Gggr ega t 12:--; • 

So i l c un ' tants were tc rm i n e d and s creen n a lys i s mad on bas material 

f rlJm 2 0 f th e core h ' l es 0 (Se e Ap pe nd i r ) 

~; ,:l1n p 1 (' S , ) rag r eg at e [ r om i ' t c n 1 ) ' <1 1 p i t s t 11 r l ) U r r 11 H1 t t 11'"' Di s t r ic t w r c: 

te, ted by t h e Los AI g 1 s Ab a si ln ma c hine , ~~c t Ba ll Ivli _1 tes t a nd S-)und-

(1vla rr n Lsium Sulf a t e ) te s 0 Th e l <J. t te r tes t \.Va s m di[ie d 

t g i v mur e de fi ni ti results" ( See Ap pe nd i x [o r m ')el ifi - d t e s t ). 

VII. DI S ( 55 10 

Cure Hol e Number 1 '~t Station 12" 6+25, 7 f e e t 1 t F c n ter l in 0 

A red l iquid dy '.va s inje t ed int o a s rr l CC c rac k -o r a dista c 

of 14 i n ch e s a 1 ng th e cr ' c k until it was ev i dent fu l l p .c tr a tion 

h a d o c urr e d" The hot mix wa s t h en cored a d a s i x -in'h d i a me t e r 

r e r emo v e d 0 Th e cor e sep - ra t d at t e p l a n o f t he h ut mix n d 

tht._ th70 -co ur se s u r f \...e tr e atment. Mo is t u r e n el dy ".;c r e no t e d in 

t h is p lane n the c r '" ck ex t nd ed t h r oug h t h h ot mi x to th e pen -

t L l t i(l ll s u r f a c e No dye o r mo i s tur e p enetrnted t he t wo -C lur , c 

sur [are t r e~tmentc 

Approxima tely 1-1 /2 inches ()f f l ex ibl e hase \Va s stuck t v th e b , tt om 

of tll t\.vo -c ur s e surfa .e treatnk. nt and s h clw d <J. \0.10 11 grad ed 0 r se 

ag gregate distri but i n. The t Lt a l dep th of h ot mix wa s 3-3/8 i n che s o 

Cor t:. Ho l Number:Z a t St a ti un 121 _+75, 9 [ t r ig h t el f centerlin e o 



· . 

Thl' S':1I.11(' pro ccuu r c for dye i.nject icm 'md cur Ln g w s cd as wi h Cu r ' 

Hole> Number 1. The core s epa ra t d 2-1/ 2 in hes be low th surfac e t 

the p l ane be tween th e two c ourse s of Type " " h t mix. Moist ur an 

dye were noted in this plane, but no m i s tur-e or dye pent'tra ed he 

batt m course to Type "e" hot mix or the t wo-CGur se surface treatment. 

After a [nore th orou gh insp ct ian of th e bot tom course of Typ I' " J t 

mix, a small hairline cra ck was not ed t o a dep th of 3/4 inch. Tllis 

hairline crack did n t compl tely penetr a t e thr ough th - bottom co lrs e 

of Typ e "e" tlL)t. mix. Ther was no cr a ck i ng of t E' tvl()~COllr Se surfac e 

treatment . 

Core Hole Numb r J a t 'tation 1215+95, 1 foo t ri ght of cente l ine. 

Dye was not used as the hole was cored t o check on moisture accumulation 

in the crack from showers the day befor e . EV.n though the cra ck \,,3 -3 

quLte large, mo i ture ac umulation c u ld no t b d t e et d . Ther Nas nu 

separation of the diff rent courses of ho t mix or betwe n the h L mi 

and two-cour s e surface treatment. The cra c k d id pene tr a t e a ll C ( urs e s 

o f hot mix but did not penetrate the two c ur e sur -ace t r c~ tment. 

Core Ho ie Number ,~ at Station 1216+{)O, 1. f oo t ri gh t f cent e ri in . 

The Sdme procedure fo r dy e i nject ion an d CL ring FJ s u sed as "-lith C' re 

HoI Number 1. The crack ,"vas the sam .. ' crack a s th3t for Cor e H I e 

Number 3. The core separated 2-3/8'1 be l ow tl e surfacE: at the r1 ane 

bett.!een the two courses of Type "e l
! hot mix. ye and moist ure w re 

not ed in this plane. The moisture and d ye penetrated the bo t t om course 
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of Type "e" ho t mix, the twu-cuurse sur[Zlcc tr D ~1tme nt.: :lnd to ;] depth 

o f apprL)ximately 1-1/4 inches in the flexible base . The dye penetr a -

tion o[ the flexible base \vas along the cr ack' u t a t til e center onc-

third o[ the hole o 

Initial visual inspection of the sur f ace indicat e d s helling of the aggrega te, 

hut upon clos e examinC1tion it was found that the aggregate at the surface had 

dissolved under weathering conditions and traffic o 

As the liquid dye \"as being injected into the cracks, it \.]a s noted that nllmer-

ous uncoated aggregate in the hot mix disin tegrated and dissolved as the liquid 

soaked into them. 

From a discussion with the Haintenance Foreman it "vas learned that the surfac 

cracks in the immediate area of Station 1216+00 we re the first to appear 5.n the 

roadwayo It was also revealed that cracking increased ra pi d ly a f ter a snow and 

ice storm in the early fall of 1968 0 The ~1aintenance Foreman also stated that 

no cra~king had occurred in tile two-course surface treatment prior to the place­

~ent of hot mix asphaltic c oncrete. 

lexible Base samples were taken [rom core hole s numbered 1 and 20 

The depth of the surface cracking \·J3S gen rally limited to the depth o f the 

Iwt mix and only occasionally penetrated through the. tWO-COU L e surface tr ea tment 

int o the base o Investiga ti 11. of the o ther fifte e n pr o j e ct s confirmed th e depth 

of surface cracking" 

Crad<ing originated at the. surface and continued uUWTIward., 
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S 'VQrl' \'] C' 3thc r co nd it i ons and sud d en ch ong i n tem r atu r e r pi d l y 

increa sed t he r a t e of cr a ck' n g and deteri oration o f the surface. 

CrackLn g app e 3 r e t o be mor e he avi l y cone n rat 'd i t he ~.:;e s t e rn ( C n tro1: 

441 - S c ti on : 6 a r a . A ch c k of th e j o b c o t r o l re cords indicat ed 

approximat e l y 0. 37 s s a s h a l t \.:;as u s ed i n th e we st r n (Con trol: 441 ,-

Section: b) a r e a t han in the astern (Co n trol : 44 1 - Section: 7) orc a . 

Asph a lt cont e nt of the hot mix was l im it d by Speci a l Provision 340 -04 6 

in requiring 9 % (± 1. 0 ~ ) laboratory den s ity. 

It was con s id e red du ring t he production of t h h t mi x a ggr eg a tes tha t 

the aggregate was of doubtful qu al it y althou , h t h e n at rial did meet all 

speeifi ti on r e qui r cm nt s , including t he Lo s Ang 1 s Abras i n Tes t (Te s t 

M th od T x - 4 10 -A ) . 

The re \.J as c on s"_dc r a 1 l. x i ua ti()n o f t he Dsp h 'll t , abs Jrp ti n o f 'ls pha lt 

i nto h e softer a rr'g t es, and loss o f v l Lt i1 s note dur ing t he 

pr e p a rat i on o f the h o t mix f r ex t r ac t i on tests. 

A r ev i ew o f tl1' Lo s Ang l es bras i on ' '' l ues for a l l s)ur c s \.:;as mad 

to d CLe rm'nc th poss i bili t v DE 1 w r i ng t i l ~ r qu ir d v a l u. Re s I L ts 

f r m Lhe var i us S 1urc s ~.ve d no t paLl r n n r conclus i v d i ffc r e nc 

am ng agg r ega t s (se p e ndL ") . 

Re su l ts obtain d f r0m t h et B.:d l lil 1 cst e n t he sixte n a ggr e ga t s 

we r e i nconel u s iv p . 

Aft e r c 1 ns i de r'3ti on o f A TIt C B8 s nd n e s s test , it w s dec id d t o u s e 
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a muciified method. The mag nesium sulfate me tll(l d IN s used hecausl_' the 

solution was easier to hold in sllspensiun and g el C a \.,1 ider range o[ 

results. Because the coarse aggregate in the Ty pe "D" hot mix and the 

intermediate a g gregate. in the Type lIe" hot mix c 1n t in d both coarse 

and fine aggregate according to ASTH test procedure, it was decided 

that the test shculd b e modified to include all si.zes of agg regate: Crom 

each coarse aggregate stockpile. These would be taken as produced and 

all sizes would be considered as 100% without differentiation between coarse 

and fine. In this manner material would be t e:sted as act ual ly used in 

t ht~ hot mix. 

Aftc.r further r e vie1.v and evaluation of the soundness test result s and 

road·way deterioration, a maximum value of 2:5 pc..ccent unsound mat e ria l 

after four cycles of the modified magnesium sulfate te s t was adopted 

based upon those r o ad1.vays \-,Jtlich were consid red t o be servicablc. and 

unservicable. The revised soundness test .i~; included in the Appendix. 
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APPENDIX 



Slll l 1) I :SS () F ACCRr:Ct T [ ~ I'() I\ l S I': I 

f1 IT 1 11 N()ll S pH X l lR ES ,,\ ND SI R FA , [.: TR EATt1E TTS 

SCOpt: : 

This te st melhur.j cuvcrs tlte pr o edur e t o be [ ll ow in te s t' ng a go regat es 

to determin e the ir I'esistance tel di ~int egra ti n hy a sa t u r a e d s o lution of 

magnesium sul f ate. The t e st as per f l) r e d is a mod i li ati on of ASTM des i n-

a t i () n C - 8 8 and, the r (~ s u 1 t S <.n: e de term i n d a f t e r 4 y ~ 1 e s 0 [ 11 e a g g r e g ate 

i n a saturated s o lution o [ ma gne s i um s lfat e D Fu - thi s test, all stockpil es 

consisting of 85 l o r mor + 10 mat erial - ha l l be c n s id ere d c oars e aggregate 

s tockpil s . Ap pa ratus and Speci. 1 ' l uti n s R quired ar e as s pecif i e d in 

J\STM Des ignation C-88 . 

.£.~. (' par at: i un o f Sa ~lP Ie : 

(,\) Ubt ain a r ; r r esen ta c i Ie sample o[ a gg r a t e rrnm 'aeh c ars a g gregat 

s t · k i 1 e • Th e sam pIe s h a 11 be 0 r s Ll .J s i z e t ha t . t v.l i 1 1 Y i e 1. d n n t 

l - s ~ ha n t h e C lowing amoun s ot t h e d iffe r en t sizes , whi ch s l a1. be 

a va il a ble i n amounts o f c: p r c ent or more. 

Si z e (Squ re Open i ng Si eJes ) 

3/4 n 3/ in . 

3/c to 4 

No. 4 to 8 

o. 8 t o l o . l ' 

N . 16 tu Nu . 30 

No . 3 0 t o o . 0 

00 0 

300 

100 

100 

1 (Je) 

LOO 

g r a ms 

g r ms 

g ram s 

gra ms 

g r ams 

g r ams 

( B) S au ld the ampl e c n t a in 1. es s than 5 per c n t f any of t he siz .s s pe i-

fied i n t he f a r a ~rarh O \Je , t h t size , h 11 no t b t es t d, bu t [ or th e 

p r p:)se o f ca l cu lat i g the t ~st.: re.sult s , i s hall be c n s id ered t o have 

t he sa e l oss i n ma gn i um s u l fa t e t rea t men t as t h e nex t larger o r th 

next small er s · ze. Th e mat e rial pa ss in g th e . o. ~O sieve sha 1. be 



· . 

assumed tL)!la ve 0 percent 105s. 

(C) Tlwn)\lghly wash the sample of aggregat e , dry to a constant weight at 

200' - 230' I", and separate into the dif rerent sizes shown in para-

brapli (A) by sieving to reiusal. Do l lis e aggregate sticking in the 

meshes of the s ieves in preparing the sample. Weigh out the proper 

weight for eacll individual size and place in separate container s for 

the test. 

Procedure: 

(1\) Storage of samples in solution. Iuunerse the samples in the prepared 

solution of magnesium sulfate for not less than l6 hours nor more than 

18 hours in such a manner tha the s ol ution covers t!lem to a dE~pth or 

at least 1/2 inch. 

(11) Drying samples a f ter imrnersiun. After th e imme r s iun pe ri - d, rcmov~ th e 

aggregat e sample fr om the s lutioll and pe rmit it tn dra in Cor 1 + S 

minutes. 'Dr pa n conta ining f iner part ie L s f a g rregate, solut ion 

should be d sined through a f iner mesh e d ieve han tIle aggregate 

particle. Place samples in Dven and dry tel constar t we i gh t at 200' 

230 F, not less than 4 hours. Aft er c ns t a nt ,veight has he e n ach ie ve d , 

allow tile . a mples to cool to room temperature, wh en they may aga i n he 

imme rsed in the prepar ed s o l ut ion as desc ribed in Pa ragraph (A). 

(C) Number of Cycles. R.e peat the process llf al ternate i mmer sion and d rying 

until four cycles have been compl et ed . 

Quantitative Examination: 

(A) After the completion of the final ycle a nd after the sam~l e has C oled, 

wash each individual size of aggr egate free from the magnesium sulfate as 



determint~d by the reaction 01 L11l: wash wat - r with harium chloride 

( I)) After the magnesium sulfate has been removed, dl-Y l~acil individual ~ize 

ur aggregate to a constant weight at 200· 230 F, and sieve the ag-

gregateover the sieve shown below lor the apprl)priate size of particle. 

Si2e 11 1 Aggregate Sieve used' to 
Determine Loss 

3/4 to 3/8 in. )/16 in. 

3/8 to No. 4 No. '5 

No. 4 to No. S No. S 

No. S tu No. 16 No. 16 

No. lh to No. 30 No. 30 

No. 30 t l) No. 50 )0 

Report ing; 

The fo ] lowing should ht.; included when reporting t eL) t r e sulLs: 

( A) \Ikight of each l ri::il' ion or each sample beio -e t e ,t. 

un >laterial fl.-om each f r action 0 the sam Ie a e t e r final :-- i eving, on whi J, 

the fraction was rt:~t a ined Defore the test, expressed as a percentage by 

\ole i g h t 0 f t 11 e 1 rae t i 011 • 

(C) h1eighted average c a lcula t ed from the perc en tag e of l o s f)r each 

fraction, based on grading of the total sample as recciv d for testing . 

(See Table) 



~------- -----------------------------~--~~~-------

Passing Retained 

3/4 inch 3/8 "nch 
3 / 8 inc h No. 4 
No . 4 No. 8 
No. 8 No. 16 
No. 16 No . 30 
No . 30 No. 50 

To t a ls 

Note: 

Grad i ng 
o f 
o r igina l 
Samp l e '/ 

I n 

16 .3 
72.5 

7. 8 
2.1 
1 ~ 0 

0 . 3 

100 . 0 

We ight f 
Test I,'ra -
t i on s Be­
fo re Te s t 
(Gr ams ) 

1000 grams 
300 grams 
100 grams 

1400 grams 

Pe rc ent Loss Heighted 
o f Test Frac - Average 
ti ns Af ter Correct 
Tes t Loss 

20.2 3.3 
25 . 0 18 .1 
26 .7 2.1 
26. 7 (A ) 0.6 
26 . 7 0.3 
26 . 7 0 .1 

2/+. 5 

(A) Tlle pe r cent age loss f t he next l a r ger s i ze is se as t he perc en t age 

lo ss f or t hi s s ize, sinc e th ' s siz e contains 1 ss tha n percent of 

the origina l sample . 

10 

(ll) In the se calcula t ions s zes fi ner than t he No. SO sieve s hall be a ssumed 

t o ha v e 0 pe rc ent lo s~ . 



Hot Hix 
Type C 
Aggr e gate 

,--~~------------

Fine Gra ded 

S OUN DNES S T EST Mg SO!+ (HODIFIED) 

Average Graded 

Sc.'urcE:.~ II. Uns oun d ' !, Unsound /_ Unsound 

Coarse Graded 

____ ~ hd ~c1 e 2~ ~c~ }r~d =~~C~,~c~l~e*~~~~~~~~~~~~~~~~#~~~~== 

7 7 020 59~99 ' ,Ji l1banks Pi S __ ~ __ --f--26 . 00 69.88 . 77 .13 ,58 .80 70. 4 3 

J e f f Dav is P i t -t~~3() __ _ 44.0~~ 24 .1 2 . !'2. 88 ,52 , 72 24.85 

Mo s s P i t I 2 2 0 g 4 _I 3 9 .. 6 (] I -+ 4 0 18 I 2 0 " 0 9 I 3 8 " 3 3 I' 3 9 0 96 18 • 97 
i -~ r !' 

LT d P" I 1 7 50 I 'J ~ 7 r '") -, 5 1 ~ - " " 24 7 1 I / 0 ') 0 1,' ,,,'1 I d O.3 r l t .L .. ~ / 0 I J " __ . LI. _ 0 I .L ) 0 ::> u _ • . t . L, .L '+ " I 1+ 

Cox Ad, amS~a!TY : 7 .89 19.02 3-'1 . 10 6. 66 _r-::-I_ 31.70 6.24 
(Spur, War d County) I +-~-I 
Univers it y Pi t 15.84-J 24 .51 --+-- 29 '~r-_ lJ. ~+- 22 . 0 9 I 27.39 12. 28 

Avery Pit (\, a rd Cu.) i, 6 . 16 14 .2 6 I 21. 81 4. 68 13 . 94 I' 18.02 I, 4 ' ,2 3 : -- -

J o n e s P i t No u l. I-~ 7 0 92 1 80 94~ I 29 0 52 0 0 14 18 0 74 i 2 9 ,,16 I , 8~ 

Jo ne s Rocheste r Pit i 3 . 54 9 . 45 I . 16. 42 2 . 80 7.06 I 13 .43 I 2 . 70-+ 

70 0 98 77,27 

43 0 10 53 0 69 

37 .~O __ 38 .2 7 

1 ___ 23~_~ 39 Jd 
I 

16 0 31 
i 

31 .2 1. --- i 

21 _1 7 26 0 69 
J 

1 r L £;8 I 
16 0 71 I 

--1-" - ,-

I 

18 .89 2 9 . 25 

6 0 36 12 ,, 68 

7 _4/ 10 ,,35 

.42 

0 0 68 

L, 18 

19 0 51 

15 .. ]0 

I I +-' I 
.§.train Pit (St4---'~, 7 ,.22..... 15.86 1.37 , 5.93 12 0 38_f- 1.13 I 5 0 52 +_lJo..4 6 

Gra ves Pit (S tr a i n) I 11 .~_J_15 . 7 1 16 0 4 5 10.86 150 
I - I I - -- I I " 

Ho ba n Pit ~ 0., 8 5 + _ 10 71 J " 1 J 0 " 21 I 
' 1 I 

I. 

Bo r d e r Rd u ( Da vis >It) 1 " OI L . 2 0 7 6 j " 0 7 0 Q 3 2 -!-
! 

Og07 

0 0 11 

o v Lt 4 1 oJ 7 

0,, 63 2041 

Martin (Addi s ) Pit 6 ,, 8 6 ,+--- 1 9 0 9 (~ 31 . 2 2 6. 47 

Counts Pit 8 0 74 I 18., 0_4 31 0 04 7. 0 9 



SOUNDNESS TEST Mg S04 (MODIFIE D) 

- -- I I 
.;::- ... ---~.-

Hot .!'lix 
Type D Fine Graded Averag e Graded I Coars e Grad ed 
Aggregate 

..... _. 

Source % Unsound I % Unsound % Unsound % Uns ound '% Unsound % Unsound % Uns ound % Unsound 1% Uns o~nd 
2nd cycle 3rd Cycle 4th Cycle 2nd Cycle 3r d Cycle 4th Cycl e 2nd Cycle 3rd Cycle 4 th Cycle 

, 
Wi llbanks Pit 53.83 70 .99 77.25 52.98 70 ,, 27 77, 16 53.43 69 0 27 1 7 , .()~ . - .~-- --

i 

Je ff wvis Pi t 27 0 13 49,, 40 52060 25 012 47 068 51!.,59 __ _.--?? 0 6H !~ f 0 2 " :- '.l '. &. j 

-1-, '--7' ' 
I 

- - _. .,.-,------

Moss Pit 26.21 41061 49 .57 25 0 96 41.30 59 0 09 ?5~36 !1 8 _~ Q) _._--- - - ""~ ~ -- .:..!..~ .. , -- ------

Hoard Pi t 20,,36 I 
33.38 47 033 20.00 32.28 46 . .Ii '/ -.J2,,}) 30.l,/} 45,,01 ----- ----

I 

Cox Adams Quarr y 9. 80 22. 94 39 .79 
-' 

9 0 51 22016 38 .. 3H 9.00 - 20.87 36 016 
- ~.--~---

(Spur , Ward Coun ty I 
I Univer s ity Pit 18.59 27.93 

I 

33 0 49 18,,48 27 052 32,.77 18015 26 07? 31 g S7 

Avery Pit (War d Co.) 8,96 
I 

15.72 

I 
2a o 07 8 e 45 15 0 30 27019 7 0 65 14 067 25 08 3 

Jones Pit N of 1-20 I 8. 76 ,I 20.38 31017 8 . 23 19 0 80 30.57 7.3 9 18.88 29 . 62 

Tones Roche s ter Pit 5.58 13 . 97 1 22 ,. 75 5.0:: 13 006 21. 31 - 4 ,.1 6 11 .57 19.00 -_., 

:1 28 .44 il 
'j 

Clayton Wil liams Pi t .., ~ I" 20 .09 10 . 35 18 . 92 27.28 

I 
8.58 16 . 90 I 25 . 09 

t ~ 
11 .. ,+i+ ! - - - -

I 
.' ! ,j 

Stra in Pit { Sto 18) I 2 0 99 11.6 5 I 22.94 2.86 10 . 71 --1 21 .t~O 2.6 1 9. 23 T 91 
I 

16 002 I Gr oves Pit (Str ain) 11 o L,.2 16,,23 I 18 . 03 11 0 33 17 0 67 11 . 24 I, I . J5.76 t 17 .12 ---.~~..-

I 
Hoban Pit 2029 3. 94 6.61 1,.95 3.41 5.,80 10 40 I 2.59 I 4.,51 --

I 

Border Rd 0 (Davis Mt 0 '\ 1.,89 4. 13 5. 51 1.63 3. 6!~ 4.94 1.2 2 2 .. 87 3 0 99 
, 

Martin (Addis) Pi.t 7.64 21.85 I 33,70 7 ., 46 21.21 32 0 91 7017 I 20 0 26 31.73 -

I I I 
Counts -Pit 11.68 22.93 36.35 11,,11 22 0 01 35.36 I 10 018 20 0 47 3.3 ~ 68 

""!!!!"-. .. --~~ 



ff wvis 

ss 

ard 

f' x Ada::-ts 

I 
.iversity Pi t 

'one s Roch es t e r 

:lay t on Hi 11 i.:12 S 

trairt CSt. 18) 

~ba n 

~0 v es Pit (Str ain ) 

r clc: r Ro ::!ci (1-20 -1 (46) 21) 

CAe -1 is) 

29 .1 (C) 

ASR,\ S I CC 

28.4 (C) 

36.2 (C) 34.6 ( D) 

35.0 (B) 

27 .2 (C) 30 0 2 (C; 

36.6 (C) J 9.4 (D) 

29.8 (C) 

28.2 (C) 

')Q 'J 26 . 5 _ J .-.. 

36.4 (C) 30.3 (C) 

31.4 (C) 

32.4 ee) 

IB.7 CD) 

17.5 (B) ") / " .:..-t . J ( '" 0) 

26,,1 (C) 

31. 8 ( C ) 

29. 5 (c) 



(MODIFIED) 4 Cycle Mg S04 SOUNDNESS TEST & L. A. ABRAS ION OF AGGREGATES 

Road 

1-20 

1-20 

1-20 

1 - 20 

1 -2 0 

1-20 

1-20 

1-20 

1-10 
1-20 

1-10 

US 80 

US 385 

US 80 

County 

Hart in 

Nidland 

Mi dland 

Ector 

~.Jard 

I';a rd 

Re e ves 

I Reeves 

I 
Jeff Davis I 
Reeve s ' 

Reeves / peco~ 
Hi (: land 

Ector 

Ector 

I 
I 
! 
• 

US 385 I Crane 

US 285 Pecos 

ST. 18 Pecos 

1-20 Reeves 

1-20 Ector 

1-2.0 Ector 

Control t 
I 

--- I ~----~--------~--~----~------~~ 
Da t e 

,leted 

l:"~' Project I PIX I Da t e I Pp rf'tCmt-

I Com~ 
I Ty C Ty D , 

1-20-1(61)22 etc. I Jef f Davis Fal11 968 52.7 51.6 
! 

1-20 -1 (9) 144 I CO" - Adams Fa 11 1968 31. 7 I 38.4 

1-2 0 -1 (15 ) 120 I Ho a r d Fa 11 1 968 40 • 2 1/ 4 6 • 5 

I 

j 
1 

I 15 

5 

.5 

5 14 

4 & 5 7 & 13 1-20-1(17)1:;'1 I i-10 s s I-Jint e r 68 -69 39 .9i49.1 

4 

4 

3 

3 

4 

2 

7 

6 

1-20 -1 (12 ) 062 

1-20-1(11) 046 etc. 

1-20 -1 (6 4 ) 036 

1-20-1 (21 )026 

Un i v . Pi t ~·Jinter 66 -67 27 .. 4132.8 

Avery Pit ~h nter 69 - 70 18 .2 I 27,,2 

Groves Pit Wi nt er 68-69 15" 5 ,I 17. 7 

Ho ban Quarry Hinter 69-70 1.6 I 5.8 

3 4 etc. 1-10-1(86) etc. 

I 
(TXL ) 
oorder Road i:'a 11 1969 3.2 I 4.9 

441 7 etc. 1-10 -2(21)222 etc. I t\' i 1 banks Pi. t Fall 1966 77.2j77.2 

5 2 

229 1 

5 1 

229 3 

139 8 

292 6 etc. 

3 5 

4 7 
, 

4 I 7 

. --_ .. _ __ 1 _ 

C 5 - 2 -48 et c . 

C 229-1-12 etc. 

F 23 5 (32)41 

C 229-3-20 

C 139 -8 -16 

C 292-6-13 

1-20 -1 (81 )001 

Counts Fall 1970 28 .1 I 35.4 

:-rartin Addis Summer 1970 30.6 132.9 

Jones Bros o Winter 67-68 29.2 130.6 

J ones Rochest e r I Summer 1969 13.L~ '121.3 

Clayto n Hilliam1 Summer 1969 12.8 II 27.3 

II 

I .. SU:7L.'Tler 1969 Strain Bros Q 12~4 I 21.4 

I Border Rd. TXL Hinter 71-72 I 2 .. 2 I 9.9 

1-20-1(83)104 I Rod=n Hinter 72-73 118.7 1 31 • 8 

.--:._I _-2C_-l(_83 )~ O~ __ l:~rber 0' Daniel l Hinter 72 -73 ___ 5~ 7r_ l 

Los Angles 
Abrasion 

36 .2 - C 

36.6 - C 

30.2 - C 

35.0 - B 

29 .. 8 - C 

28.2 - C 

24. 3 - B 

18 .7 - B 

26. 1 - C 

28.4 - C 

29.5 - C 

31.8 - C 

29.1 - C 

36.4 - C 

31.4 - C 

32.4 - C 

27.6 - C 

25.7 - C 

21.8 - C 
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.. 
C" uu H1x b "",., UC'parcmt'Dt 
or", 4'0A. 

, t ~1 N 6 9 - 7 :; -7 :) 
~bora O~j • O·1/1:::-' -- -9---.-~- 1 / '1/ I (g .-
pate Rec'd / _ . ~_l _0 ___ Reported __ .~~_. __ 
~nginecr _ ___ ~1 ~_r 1 i 1~~~._ l ~ ~'J..~-! e t __ ' __ .. _ .,_-_ _ 
I ' ) ~ C l' c "1' f""I v ""1 C 
~ddress l. " . " '. '- ." ~ -, 
rontractor In V~ :: [ L ';3 t ll...'-".n-=---__ 
~ampler ~ ___ .Q~!..0 i)fi!.fu~ __ ~ _____ . 

Sampler 's Title _~~~~ . T"'cl: 'J 

~arnpled From ~~~a Ch;,1 :' . 

producer II:v~ s t l ~;a l: 1., >11 

~,uantjty Represented by Sample _ .\fi1P 1 ~_. __ _ ras been Used on ~~o .~ __ 

LoS 

5 .5 

SL ~. La~-LI-~-__+___~-PI_ 
* 69-75 I 2 [~o8 9.3 15.8 

k 69-76 ;2 5.3 7 • 9 17 . 2 

.~. ' .. '1"\.1 

__ 4L~ 1 __ _ _ ___ fL ---- - -- ------
Co ntrol Nu rn H' r S ee liG n ::"." u mber 

-~~ .. , _ __ . ______ lL=.l1l _ _ _ . 
4'':-oun ty F€dp.r;l P r o ject :-; 0, Hl ~ hway ~o 

__ ~ _ _ __ . _ _ -.-l= 2. 00 _______ _ JJl],I f) 9 _ 
Vlst r lct ' • . I P .E. :-: 0. Heq. No. 1 ,- t e ~ mp l e d 

Specification ltf'm ~o . . __ ~_.~ _ _ _________ ~ 
:Material from Property of _ _ ________ _ 

I 
I \ ..... B~r 

SR . _ __ +-___ I % Lo llS 

l~~? -4 37. 7--r:4.9 

1.95 A-2 -4 3S .B I 47.9 

% M ls t. 
, _ ____ D~ p trl_ 

fu 1 1 Dc: p t :1 

Fu ll D~ r th 

----------~-----------------------~----------------~.------~--------~------~----------------
PERCE1'T RETAINED ON 

La.h N o 

Lab. :-<0, 
i I ! den U :1 r. a " ! 0 n ~.: ark S ! 

---~--T- ·-------· ---- , -- - - .---.----- -------- - -- -
69 ,, 75 I T ~' l lft -,l(: J-1 I ~~ L 'lli\ '~l l JO ",+l5 ~ ' Lt . t. 
6 9 -7(, I T c ., t !J,,' 10 " ') I ' l " l i .; n I 2 1 ,+ 7:, \ I. 1, • 

.. S a: .l~ l (: . i!,C1 Ll(l:~ ~il l fl J: ih 1e b.J c ~ C\1 U1' ~~ " 

I 

[) .J. : : 0, . - _ _ ~ I . , : 

"-...: '.' 
j, 

I 

. , 

I _ .. -,,'"""'_ ..... - ,', ' .. _ . 
_-.--------- --. .. ..... < • .,.----• •• - •• ~' .------- ' -- ---. .... . ---- ---- _ . _ ___ .. .... .--. . ___ ....... _~ __ .. ~ _ __ - - ... , _____ .-_ .. ____ -_ ____ _ 4_ __ • _ _ _ • .,..-_ . _ ... _ _ .... _ -
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Test M e tho d Tex-l16-E 

Re v: Sept e mb c r 1966 

T e xas Highway Departm e nt 

Material s and Tests Divisi o n 

BALL MILL METHOD FOR DETERMI N ATI O N OF THE 
DISINTEGRATION OF FLEXIBLE BASE M A TERIAL 

Scop e 

This test m et h o dd c scribes a pr oce dure for d e ter­
mi.ning the re s ista nce of the aggregate in flexible base 

material to di s ' nte g ration i n th £' pr esi:nce o f w ;,t c r. 

The t e ~'lt provides a measure of the a bility of th e ma ­

terial to withst iin d degradation in tht' rO Cl d ba se an d 

det ects so ft aggr e gate which i s subj ec t to weath e rin g . 
This te s t is known as the Texa s Ball 1\1iJ. I v a l ue . 

App a r a tu s 

1. Texas.. B a ll Mill: The mill :-; h al ! con fol"lll in 

a ll it s ess e ntial dilnen s io ns to the desi gn sh owll in 

Fi gure 1. The m a chine consist s of d 'N <.d e rti g h t s t e e l 
ylind c r, closed at on e end, ha vi ng in s i d e dinl c n ::; l ons 

of 10- 3 /16 incles diam e ter i1 n d 10- 3 /4 indl'.' ''; I II 

len g th. Th{' cylind e r is fitt<:d wit h ., r l'll1 ov ;d.) j,- lid 

wit h willl!rtight ga s ket a tL lC hl' d . Th. · c y l illd er i ,; 

mount e d in a rigid support in 'uch a n ,an lH'r tL,ll it is 
rot a ted about the centrc:d a xis in i, hor izont ;! \ po s it io n . 

A steel baffle, projectin g rad ially 3-1/4 in c h t~ s int u 

the cylinder and 10-3/4 inches in length, i", \\t~ l d e d 

al ong one CieITlcnt of the inte r io r surf;l c l.· of the c y li n ­
de r. The baffle s hall be of s u ch thickness :nu l so 
mou nted a s to b e rigid. The I'n clch i {' ~;h ll Uid b e uI ",: r­

JteJ at a un i form s peed of ap p r ox l rn tdy GO r. r. In . 

2. Metallic Spheres: The abra s iv e chargt! C O ll -

si ~ t 5 of 6 steel spheres approximat e ly 1-7/ 8 in c h es 

in di a m eter, weighing between. 9 lb. and 1. 0 l b . 
e2.ch. (409 a nd 454 g m s.) 

3. T o ledo S ca l e s, or e q uival:'nt, of 30 l b s . 

capaClty sensitive to .01 Ib",. o r Ie s s . 

4. Sieve s, No. 40 rnesh and 1-3/4 inch 

5. Oven, an air -dry e r with ten1pcrature r a nge 
of 120"F to 140 ° F, 

6. Crusher 

7 . Miscellaneous equ ipm e nt inc ludes lar ge pan s, 

wa sh bottles, e tc. 

Test Re c ord Forrn 

Each sample shall be given an identificatio n num­
ber and a card bearing the number should be p l a ced 
",,'ith each po r t i on of the sample thr o ughout th e pro­

ces~, ing a nd testing of the material. Record the test 

data on Work Card, Form 359. 

Procedure 

l. Se c ure a r ~ pr cscn tati\.·e s ampl e o f the t o tal 
IT.at f: r i ;:-tl ()f !-' u ffici ent s iz e t o y ie ld m o r E' thd ll th e 

qu a ntity r c q llir, 'd , i,n p arCt g r a ph 4, (7 3/ ·1 lb . ) of ~l i r 

dr y nl;ltL!ri ;d . Si .xt~(: n t o i ghtc c n p un d s i s ;1 CO I1-

ven icn t si z . 

2. Cru ~ h over s ize partick ::; to p a ~; s a. 1- 3/4 in ch 

sicv e 

3. J\ if d ry th e s a mp l e a t a t cmpcr tJt ur~ llC) t to 

excc d ]4 Uor . 
4 . i{ cdu (, (' ;, i r dry 5~l lll p l(' of total I ; l ;d' ~ rl ;d Ly 

S;1rT1 rl c spli tt e r, or q uar t e ring In <.:: th ods t o ;,: 'proxi ­

lll n. tel y 7 :~ /4. J>u un ds. A d just w e i g ht tu 7)/4 p o u nd s 

pi llS o r In i nus O. I p u u nd of a i r dr ic·d s a rnpk . P lac e 
s - I)'l p l i ' i ll pA n :uld c,)':e r with w;tt " r f (l r I h C)ll r. (() n L' ­

ha lf g.-.l lon IS lS l1:11 1y s uffi ci(:n t.) 

No t e: 

a . vV hcn t e s t i ng b o rd erli ne ma t er ia l s f O f :om­
nUa nce' IN i t h s p 'ci fi cu t io n s or r u n ni ~ 1g r cf L' f Pc t rs t s 

r q ui fi nq a c c u ra t e det c f l1l in()tions , t h m inus N o . 
40 por t ion o f t he W e t B.::dl M ill To ., silO l d 1)(' J I 

co n fOim it y w ith t he a mo unt o f m inu sNo . 4 0rn a t (' [ LJl 

in t h(' 5 T" c n a na l ),s i s samp le . I\. ch _: c k o f h. ; 

mi nu s No . 4 0 in t hc s am p l e can b e d o n by scr ,~e n­

ing t he air d ry mat e ri a l o ver th e' No . · 40 si v . 
Wh e n the Wet Ba ll rAill Test fi ne s hav e h "e n 

djus t d prop c'rly t h '.' n r 0combine th e s arn p l (' ( no 

c o : tinu e . 

b . A i r dr y n 1il.t e ri;ll s pre pa r d for t ri o x la l 

te s-t (T e s c M <:· th o ri. T.:'x-l Ol -E, P r t Ii) m .:.. y b e 
w ei gl d c c u m ul i't t i. vely from th e pr epa re d s epa ­

rat e d s ampl e . 

5. D e c a nt all fr ee w a ter from s ample into a 
1/ 2 ga ll o n cont a ir~er, fin ish filling c o nta in e r w1 th 
cl e a r w a t e r and usc to w as h sarr.ple into ball mill. 

6. Pla c e the 6 stee l spher e s in the ball m i ll., 
fast en the 'l • .-at c rtight l i d securely and rot a te 600 revo­

luti o ns a t the rate of a ppr oxi mately 60 r. p. m~ 

7. W h e n the 600 revo lution s ar c comple t ed , 
remov e t h e cover and carefully empty the cylin d e r 

contents into a p ar •. 

8. R e move the steel spheres and separate th.e 
sa mpl e by wash i.ng o v e r the No. 40 sieve. 



... 4 . 

9. Dry the ,gregate portion retained on .leve 
to con s tant weight at 140ClF re.c.reen over the No. 40 
sieve and weigh. 

Calculation. 

Calculate the per cent age of soil binder from t he 
Texas Ba n M ill teat a s fo llow .: 

A -B 
Texaa ~all Mill Value =""A x 100 

Whe r e: A = d ry weight of tota l sample (ste p . ) 

B = weigh~ of r e tained m ate r ia l (step 9) 

Prec.autioD a 

1. Always use dry material in pe r formi ng te at. 
2 . Avoid the 1 0 8 8 of p or tions of Bampl e in trans ­

ferring into or out of cylinder . 

3. Use onl y 1/2 gallon o f w a ter in cylinder with 
wet sam ple fro m wh ich iree water haa bee n 
d ecant e d. 

C har t. 

T est Method Tex-116-E 

RevI lebrllB.ry 1963 

Check weight of steel spheres periodic a lly 
for 1088 due to wear. 

F igur e 2 and Table I show typical te" t data.. 

Rep orting T t~ at Resulta 

R e port t he TeXAa Ball. Mill value on Form 476-A. 

Note s 

This procedure ia not a substitute for Test Method 
T e x - lO l-E and s hould not be used generally for the 
prepa.ration o f soil samp les for determination of 
sta nda r d soil constants and hydrometer analysis. The 
t e 8t {u r n' s ne s valuable s pplementary data pe r tainin g 
t o t h e qua lity o f the a g gr egate portio n of flexible ba e 
m a t e r ia l. T h e Te x as Ball M i ll t est i s more reliabl e 
tha n the Los Angeles abrasion test in evaluating the 
q ua lity of bas·-;! materiaLl. 

TABLE I 

P erc e nt Soil B inder 
Standa rd Te xas Ball Loa An ge le s Type o{ Materiaa 

Lab. No. Soil Test Mill Value Wear Test 

.1-83-R 5 10 2.8 Hall Bros. Cr. Lime stone 
42 -425-E 1 6 28 Chico Cr. Limestone 
42-426- E 1 6 16 Trap Rock 
.2-427 -E 6 17 )0 Servte x Cr. Lime stone 
41 -49 -R 9 70 55 Austi n Chalk (poor qual ity) 
42.-354-E 17 36 78 Cr. Limestooe(good quality) 
'U -1 z'S-E • 2. 2. 40 Cr. Limestone (good quality) 

F igure Ib 

Wet Ball Mi ll - Ca ntilevered Type 

Figure la 
Wet Ba'll Mill Showin g Baffle a nd C harge 
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l' e :i t Met ho d T ex - 4 1 0 - A 
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ABRASION OF COARSt: 1\GGRf.G1\TE BY USE 

OfT H E LOS A N G r: I. r: S M 1\ CHI N E 

Scope 

This Test Method c overs the pro c edure for t e st­
inC) conventional ':l nci lightweight c oarse dCJgregate fo r 
resistance to abrasion in the Los An ge les testing 1Il .1-

chine with an abrasive charge. The a pparatus and pro­
cedure used in this test are id e nti c al with 1\. S. T. M. 
Designation: C 131. 
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Figure 1 

Procerlur .; 

U~(~ the apparatus specified to prepr.1re and (0 . 

tlH~ rC<1uirc~l. grudlngs of uqqrcqatc In ac c ordan c e r' 
th (! procc,d l ll f..! described in 1\.S.T.M. De sl (jnal m . 
C 131. C3 

Hep artine] Te st Results 

v.. , 

Report the test data and type gradillCJ dnd t e 
W(,,1f to the nCdfl . s t whole percent on Form No. 272 n ' 
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SOU NDN E S OF AG }Z!-:G!\ TE n 

Scope 

This t est nle t ll<)d \' rs t he ))j' 0c ,'dll ' \~ tll b (~ 

fo llowe d in tcstin ~ agg rc g;1 t e :> t o {(' t t~ rmi l l<.' t h .~ ir 

~esi~t :l nce t o disin t e~ration by s a t l l r tt,d solllt i 'J I1~ o f 

:n :lgllesill1n sulp>,ate o r sod 'll n l s ui IJi:;dC, Attt:1 '1 01. is 

call (, d t 0 rh e f " ef t h at t es t r es ul t shy t i l e u S I ' 0 f t h f' 

twO s .d u; diffe r c u nsiderClbl y alld c rt t' 11 \ls t h e cxC' r ­

c i s e din fix i g P .. 0 l' L' r 1 i mi t SUI i lit Y S p..: c : ! 1 ' " i on 

w hie h 111 a yin c I II e I' (' qui r e rn ':l t S [ r t h (' 5 e t ,t~;, ThE: 

t est <t s per f 0 l"ln c dis i <.: III i c ,:,d w it h !\, S , T. M , rh' _ i g -

na ti o n: C 88 a;)(j t h e r c ult s arC' d l' tum in d (I f l~ r ;) 

('r ~ lcs c [ t hl: -1(J9 r tP i n ( saturCl! "'" s o l\.;ti o !1 o [ m aQ­

ni"!s l\1 nl 5 u lp hd t t' or sod i u m sul "j ia :'-' , 

p r l1ce d u re 

Usc th e d P p;1 r i'I t Ll S t l> P r l' p : ' re d , d t (' S t f, < 11 pis '-I f 

(1. S, r eg .1t e a s ;;po.: ci fif' ti i llA. S .T. M. Dl:sigll ~tli () l: C8S , 
P r L' p :l r e t h (' S ~I ! u r d t L' U I n (\ f: 11 (' 5 i II n) ::; \l 1 pi d tt: (I]' sod i II ! n 

~ ul ph; tt c s () I II t i (> Ii ~ e v l' r <<I 1i..J Y ~ P ri o t' t. () t I' 5 till g t or (' g 1I ­

I., ! e t It e t. ,-' III P (r t 1 r e ::1 n d S J'" c i f 1 C g r <l \' i t Y 0 f t it l~ s o III -

t i.)[l , I L'tt'r l nille' t h ,· pt' rccnt I s !:> f i'l : ,~r(,.~;t t l' ...-tftcr 

S c omp ·te cy cle :; of \\,l~ tt ing i n s ollltj') 11 and d r yi n g , 

l ~ C I)(l:' : i !lt: T. ' 

IZ "I tt l" : t l. , 

l ,if l (~ "" t !l" " 

\\.(' :l:l lf, ·01 .iV t' !' ,l ' e p C l' cent 1 ... 5 Cal c\! ­

~'I '- lr't' o u t! Sa lY, p ! c on Fo rnl j ' 0 . 272 . 
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l ' Lv c :" be t I t h . t l' ! l' E' r i:t t \l r c: an d l h c..: :.i P , c if i c 

(( ! l' ,..,0 Ut.10ll da lly a ::< t.'q r.: pru duci!Jl lity 

" • : r' t \" ,: i f t h l' !:> ( , f <t e t c r 0; a ':' (' il i 1 W~' d t l) \' d ry 

! . T r, ,' ; 'g ,:., r " g,lt l ' Illl t !>t b , ' U 1 Ij)lete l y clri.· ( zind 
l h,' -, ( ' 1" "( "; t " l' , Ol !, t"IIIP, · I·.'l t ll r, · t u pr event, n y d; ~, ­

' 1I ll'!-:r" " ", '.·, l\:l..ll 11'1< / be -Ito :, ,d by !:i ndUe! t e l1lp,: r a ­

tur l ll. \ 111 ~ ! · '; i~ tl,' rtg~: :" ~" t ..: . 


